ABSTRACT. A total of 40 strains of Listeria monocytogenes which have been demonstreted to be serovar 1/2a, 1/2b, and 4b were genotyped by pulsed-field gel electrophoresis (PFGE) after separate digestion with Apa I, Asc I, Sma I, and Sse 8387 I. Twenty-seven unrelated strains including four representative strains showed distinctly different genotypes according to their PFGE profiles. Then nine strains isolated from shredded cheese of different lots and four strains isolated from the cheese-processing environment were shown to display the same genotype. Therefore, it is suggested that the Listeria was spread in cheese by cross-contamination from the cheese-processing environment. Thus, PFGE analysis has a good typeability and excellent discriminatry power, and has provided a useful tool for investigation of the source of Listeria contamination.-KEY WORDS: Listeria monocytogenes, molecular typing, pulsed-field gel electrophoresis.
the contaminated cheese was processed [17] .
Intact genomic DNA from strains of L. monocytogenes was prepared in agarose plugs with some modifications following the method described by Brosch et al. [4] . Freshly grown cells were harvested at the late log phase in brainheart infusion broth, centrifuged, and washed twice with Pett IV (10 mM Tris-HCl (pH7.6), 1M NaCl). Washed cells were resuspended in a concentration of 10 9 cells per ml in Pett IV and mixed with 1% low-melting agarose (FMC BioProducts). The mixture was dispensed in a mold to form plugs of 85 µl volume. Agarose plugs were incubated at 37°C for 24 hr in lysis solution (0.1 M EDTA pH 7.5, 2 mg/ml of deoxycholic acid (Sigma), 1 mg/ml of Nlauroylsarcosine (Sigma), and 2.5 mg/ml of lysozyme (Wako)). This was followed by deproteinization (0.5 M EDTA pH 9.0-9.5, 5 mg/ml of N-lauroylsarcosine (Sigma) and 2 mg/ml of proteinase K (Wako)) at 50°C for 48 hr. Then, proteinase K was inactivated by washing the inserts twice with a phenylmethylsulphonylfluoride (PMSF; Wako) solution (0.15 mg/ml of PMSF in 10 mM Tris-HCl (pH 7.5), 1 mM EDTA; TE), followed by washing with TE three times.
Four restriction endonucleases, Apa I (TaKaRa), Asc I (New England Biolabs), Sma I (TaKaRa), and Sse 8387 I (TaKaRa) were used, respectively. Restriction digests were done using 20 units of the enzymes Apa I and Sma I for 4 hr, 5 units of Asc I and Sse 8387 I for 6 hr for one third of the plug. PFGE was performed by a CHEF Mapper system (Bio-Rad Laboratories) in 1% agarose gels at 200 V at 14°C in 0.5 × TBE buffer (45 mM Tris, 45 mM boric acid, 1 mM EDTA), with ramped times of 0.5 sec to 45 sec for 20 hr for Apa I, 0.2 sec to 45 sec for 15 hr for Sma I , and 0.5 sec to 63 sec for 20 hr for Asc I and Sse 8387 I. The gel was stained with ethidium bromide and was photographed under a UV transilluminator. The DNA size standards used were lambda DNA concatemers (Pharmacia Biotech) and yeast chromosomes (Parmacia Biotech).
PFGE after digestion with Apa I of genomic DNA showed A number of foodborne listeriosis have occurred in many countries since the early 1980s [9-11, 13, 19] . In view of food safety, a sophisticated typing scheme for Listeria monocytogenes is necessary. Such a typing scheme would help to trace epidemiological strains and control the organism in food and in the food production environment. Serotyping has been the most widely used typing method and has proved to be useful. But serotyping does not discriminate well among strains, since the three predominant serotypes, namely, 1/2a, 1/2b, and 4b, represent over 90% of all human isolates [9] . Phage-typing suffers from a lack of standardization and from a somewhat low typeability [1, 18] . The international phage-typing system allows phagovar determination of 50% of serogroup 1/2 strains and 80% of serogroup 4 strains [1, 18] . More recently, several other methods, such as multilocus enzyme electrophoresis [3] , restriction endonuclease analysis [20] , ribotyping [2, 12] , and random amplification of polymorphic DNA [8, 14, 15] , have been applied to the typing of L. monocytogenes. Macrorestriction analysis by pulsed-field gel electrophoresis (PFGE) also has been applied to epidemiological study for comparisons among strains [4-6, 13, 16]. However, PFGE typing has been reported by only a few groups and its application to food contamination is still limited [7] . In this study, in order to evaluate its typeability and discriminatory power, we used PFGE genotyping to trace L. monocytogenes contamination in cheese and the cheese-processing environment in Japan.
In the present study a total of 40 isolates of L. monocytogenes were analyzed. Among them, 27 strains were of unrelated origin, 7 were serovar 1/2a, another 7 were 1/2b, and 13 strains were 4b. They included four representative strains, namely JCM7671, JCM7676, ATCC49594, and ATCC43256, clinical strains, and strains isolated from various foods from 1988 to 1992. Fourteen other strains, one of which is duplicate, were all 1/2b. Nine of them were isolated from shredded cheese in 1992 and five were from the environment of the two factories where the presence of 11-16 major fragments that ranged in size from 50 kb to 500 kb (Fig. 1A) . Digestion with Asc I produced fingerprints consisting of 6-9 fragments that ranged in size from 50 kb to 1 Mb (Fig. 1B) . Digestion with Sma I showed 7-11 major fragments that ranged in size from 50 kb to 500 kb. With Sse 8387 I, 6-9 major fragments that ranged in size from 50 kb to 1 Mb were produced.
According to DNA restriction patterns using PFGE (PFGE profiles), all 27 unrelated strains were typed and divided : 23 types with Apa I , 25 with Asc I, 25 with Sma I, and 21 with Sse 8387 I, respectivly, as shown in Table 1 . Patterns generated with Asc I or Sse 8387 I were easier to interpret since the restricted genomic DNAs were generated into only a few fragments which could be differentiated visually. By combining the PFGE profiles after separate digestion with four enzymes, the discriminatory power was demonstrated to improve, and 27 strains show 27 different genotypes.
Brosch et al.
[4] examined 42 serovar 4b strains, and 24 different genomic varieties were obtained using Apa I, Sma I, and Not I. When 35 serovar 1/2 and 3 strains were characterized by Buchrieser et al. [6] , at least 24 distinct groups were detected by combining the PFGE profiles after separate digestion with Apa I, Sma I, and Not I. Our results agreed with these reports and confirmed that PFGE analysis has good typeability and excellent discriminatory power.
PFGE profiles of 14 strains of L. monocytogenes isolated from shredded cheese and the cheese-processing environment are shown in Table 2 . Six strains isolated from different lots of cheese which were processed in Factory A from April 28 to June 30, 1992 and a strain isolated from a drain in the factory on July 9, 1992 displayed an identical genotype. One strain isolated from the floor of Factory A showed a slightly different profile from the other seven strains with Apa I, Asc I, and Sse 8387 I, respectively ( Fig. 2A, 2B, 2C ). Since the strains isolated from different lots of cheese which had been processed over two months and the strain from the drain showed identical profiles after separate digestion with four restriction endonucleases, a common clonal origin of the strain of Listeria seems to have existed in the processing factory for at least two months. Only one strain isolated from the factory floor showed a PFGE profile that differed from other strains when restriction enzymes Apa I, Asc I, and Sse 8387 I were used. But these differences were very slight, only one fragment out of 6 to 16 fragments was small compared to other seven strains. Therefore, these differences produced using three enzymes must be caused by genomic mutation.
In Factory B, three strains isolated from different lots of cheese processed from June 25 to July 4, 1992 and three strains isolated from the basket, weighing machine, and floor of the factory on June 30, 1992 showed identical PFGE profiles. That strains from different lots of cheese and from the processing equipment and the floor displayed the identical genotype indicates that the Listeria had been spread in the cheese by cross-contamination from processing equipment or the environment.
Strains isolated from cheese and the cheese-processing environment in the two factories had indistinguishable PFGE profiles. This implies that there might be a common clonal origin of the Listeria strains present in the two factories. Shredded cheese is processed from several sorts of imported semi-hard cheese. These imported cheeses might be contaminated with the identical clonal strain.
As described above, PFGE analysis is strongly suggested to be an useful tool for molecular epidemiological investigation of L. monocytogenes in Japan. And epidemiological investigations require a combination of well standardized phenotypic and molecular typing methods, i.e. serotyping for the rapid screening of the epidemic strain and PFGE for more accurate definition and identification. 
